Isotopically-labelled Protein A from Staphylococcus aureus was used as a marker to quantify binding of IgG molecules to surface antigens of Aspergillus fumigatus mycelium. The IgG class antibodies were obtained from rabbits inoculated with mycelial fractions and from patients suffering from aspergillosis and aspergillus-related diseases. The highest incorporation of label was obtained with an antiserum from rabbits inoculated with A . fumigatus wall material. Antibodies raised to other antigenic fractions of A . fumigatus and antibodies from patients infected with aspergillus gave lower levels of incorporation of Protein A. In competitive binding experiments, pre-incubation of antibodies with partially purified aspergillus antigens depressed subsequent binding to the mycelial surface by 20-30% of that of the control values. Low molecular weight disaccharides and oligosaccharides were without effect in this system. Preincubation of A . fumigatus with lectins having specificities for defined sugar residues did not reduce subsequent antigenlantibody interaction. Treatment of the mycelial surface with certain proteolytic or polysaccharolytic enzymes led to a decrease in antibody binding, while pretreatment of A . fumigatus with the hydrolytic enzyme mixture of Trichoderma harzianum culture filtrate gave increased antibody binding. Aspergillus species showed different susceptibilities to enzyme action and their surface structures could be differentiated from A . fumigatus on this basis. These differences were not obvious in direct binding experiments where antibodies raised to A . fumigatus wall bound with equal facility to antigenic sites located on the walls of other A sperg illus species .
. The pellet was dried to constant weight over P,05 and stored at -20 "C. This constituted crude, unextracted cell wall material.
Production of antisera. Anti bodies were produced in New Zealand White rabbits. For predominantly carbohydrate antigens (cell wall and carbohydrate-rich fraction) the following protocol was used. Antigen (1 0 mg dry weight) was mixed with an equal volume of Freund's complete adjuvant and injected intramuscularly into a buttock. Ten days later the same amount of antigen was mixed with an equal volume of Freund's incomplete adjuvant and injected into the other buttock. Ten days later the same level of antigen with Freund's incomplete adjuvant was injected into several subcutaneous sites. Ten days later 5 mg antigen was given intravenously without adjuvant. One week later the animal was test-bled. Sometimes another intravenous injection was required to obtain a serum of adequate titre.
The protocol used for protein-enriched antigens (cytoplasm and protein-rich fraction) was as follows. Antigen (0-5 mg dry weight) was mixed with an equal volume of Freund's complete adjuvant and injected intramuscularly into a buttock. Ten days later a similar injection was made into the other buttock. The rabbits were left for five months and then inoculated subcutaneously in many sites with 0.5 mg antigen mixed with Freund's incomplete adjuvant. After ten days the animals were given 0.1 mg antigen intravenously without adjuvant. A test-bleed was taken ten days later. Sometimes an additional intravenous injection was required.
Antiserum to the total water-soluble material from ruptured mycelium was obtained as previously described (Hearn & Mackenzie, 1980 ). An antiserum (SBS) raised to a mixture of mycelial and culture filtrate antigens of A.fumigatus was a generous gift from Dr K . Holmberg of the State Bacteriology Laboratory, Stockholm, Sweden.
An antiserum (X-9) raised to an alkali extract (Lehmann & Reiss, 1978) of A . fumigatus mycelium was a generous gift from Dr E. Reiss of the Center for Disease Control, Atlanta, Georgia, USA.
Serum was collected from rabbits prior to injection of antigens for use as a negative control. Human sera. Sera were obtained from patients fulfilling the diagnostic criteria for aspergillosis. Some were specimens received by our laboratory, while the remainder were kindly donated by Dr J. Edwards of Sully Hospital, Glamorgan, UK. Three serum pools were prepared, numbered human pool 1, 2 and 3; all were highly reactive in serological tests. Serum from subjects negative for specific IgG by an enzyme-linked immunosorbent assay (Wilson & Hearn, 1983) , was also collected for use as a negative control.
Preparation ofan ZgGfraction. The bulk of the plasma proteins were precipitated with caprylic acid (Steinbuch & Audran, 1969) . The IgG component (and a portion of the IgA) which remained in the supernatant was concentrated five-fold. Azide (0.1 %, w/v) was added as a preservative and the solutions were stored at 4 "C. This procedure was carried out on all test sera.
Radio-iodination ofSpA and ConA. The staphylococcal Protein A (SpA) used in these experiments was partiallypurified material prepared from Staphylococcus aureus (Cowan strain) and obtained from Sigma (catalogue no. P-9267). Initial experiments were performed using SPA trace-labelled with the Bolton and Hunter reagent Nsuccinimidyl 3-(4-hydroxy 5-[ * 251]iodo phenyl) propionate (Amersham), essentially as described by Bolton & Hunter (1973) . SpA (0.05 mg) in 0-2 M-sodium borate buffer at pH 8.5 was added to 0.5 mCi (18.5 MBq) dried reagent and allowed to react overnight at 4 "C. The [ I 251]SpA was recovered from a commercially prepared G-25 Sephadex column (Pharmacia) when it eluted in the void volume. It was stored at -70 "C in the presence of gelatin; new batches of [1251]SpA were prepared every three weeks. ConA (A grade, from Calbiochem), was similarly labelled by the procedure of Bolton & Hunter (1973) Polysaccharides and oligosaccharides for competitive binding assays. Polysaccharides used for binding to specific A . fumigatus antibodies were soluble starch, laminarin [(I +3)-fl-~-glucan] which was kindly supplied by Dr F. Chattaway, formerly of Leeds University, and a (1 + 3)-a-~-glucan from Polyporus betulinus which was a welcome gift from Dr E. T. Reese (US Army Laboratories, Natick, Mass., USA.). The sugars used in this study were obtained as partial hydrolysis products of polysaccharides from A.fumigatus antigens by Dr P. A. J . Gorin, Prairie Regional Laboratory, Saskatoon, Canada. They Exposure of mycelial surfaces to hydrolvtic enzymes. a-Amylase (EC 3.2.1.1) ex Bacillus subtilis, &amylase (EC 3.2.1.2) ex barley and pronase ex Streptomyces griseus were purchased from Koch-Light. P-Galactosidase (EC 3.2.1.23)ex bovine liver, S . griseusprotease, papain (EC 3.4.22.2) frompapayalatex, chitinase (EC 3.2.1.14) V . M. H E A R N ex S. griseus (with slight /I-glucanase activity), a-mannosidase (EC 3.2.1.24) from jack bean, a-chymotrypsin (EC 3.4.21.1) from bovine pancreas and P-glucosidase (EC 3.2.1.21) from almonds were commercial preparations from Sigma. Trypsin (EC 3.4.21.4 ) and lytic enzyme L, from Cytophaga [contains several endo-(1 +3)-/I-and endo-( 1 +4)-~-glucanases] were both from BDH. An exo-( 1 + 3)-P-glucanase (Basidiomcete QM806) free of cellulase and b-glucosidase was from Dr E. T. Reese. A mixture of exo-and endo-P-mannosidases (from the culture filtrate of a strain of Aeromonas species F-25) was kindly provided by Drs T. Araki and M. Ito, both of the Department of Fisheries, Fukuoka, Japan. Unfractionated culture filtrate from Trichoderma harzianum grown on A. fumigatus, which is capable of hydrolysing a wide range of polysaccharides in addition to proteins, was also tested.
Enzymes were used at a final concentration of 0.4% (w/v) except for crude lytic enzyme L1 (l%, w/v). The culture filtrate of T. harzianum was diluted in acetate buffer at pH 5.0 to the extent where it caused a measurable effect on A . fumigatus mycelium without causing total degradation. a-Mannosidase solution was used at a 1 :2 dilution in acetate buffer at pH 4.5. The exo-glucanase from Basidiomycete QM806, which has a broad pH optimum (Dr E. T. Reese, personal communication), was used at pH 5.0 and the mannosidase mixture from Aeromonas was used at pH 6.0, as recommended by Dr T. Araki. Commercial enzyme preparations were used at the pH specified by the supplier; the buffer concentration in each case was 0-05 M. Fungal pellets were routinely incubated for 2 h in a shaker bath at 37 "C. Chitinase was incubated with A. fumigatus for 3 h; a longer time period caused damage to the controls. Although the minimum hydrolysis time with chitinase is considered to be 12 h, this enzyme affected the surface of A. fumigatus germ tubes in 30min at the same temperature (V. M. Hearn, unpublished results). It should also be noted that the temperature selected was suboptimal for pronase, which has optimal activity at approximately 50 "C.
Lectin-binding experiments. Lectins were used as possible competitive inhibitors of antibody binding to surface carbohydrate antigens of A .fumigatus mycelium. ConA, A grade, with specificity for a-D-mannopyranose and a-Dglucopyranose sugars and closely related structures, was from Calbiochem ; Triticum vulgaris lectin (wheat germ agglutinin) and lectins from Ricinus communis (castor bean type I and type 11) with specificities for Nacetylglucosamine, N-acetylgalactosamine and D-galactose respectively, were from Sigma. ConA was tested at a final concentration of 1.25% (w/v) in PBS; the other lectins were tested at a final concentration of 0.25% (w/v).
Immunoassay. The radioimmunoassay was carried out as follows. Aspergillus fumigatus, distributed at four mycelial pellets per tube, was washed three times with 0.01 M-PBS containing 4 mM-EDTA, which constituted the wash solution. After each wash, the supernatant was removed by suction, using a Pasteur pipette. The pellets were incubated for 1 h at room temperature with 200 p1 bovine serum albumin solution (5%, w/v). This mixture was replaced by 50 pl IgG (= 0-5 mg protein) in PBS and incubated for a further 18 h at 4 "C. The cells were washed twice, 85 pg [ 12SI]SpA in bovine serum albumin (1 %, w/v) was added and the mixture was incubated for 30 min at room temperature. After washing three times the radioactivity bound to pellets was measured in a counter (LKB, 1275 Minigamma). Each assay was done in triplicate. The assay was repeated if the coefficient of variation was > 12%. The protocol is based on that of Dorval et al. (1975) .
Competitive binding experiments involved a pre-incubation of IgG with the appropriate antigen or sugar (2 hat 25 "C) before exposing them to the fungal pellets and proceeding as above. The effect ot lectins on IgG uptake by mycelium was determined by incubating the specified lectin with the fungal pellets in PBS for 2 h at room temperature. The pellets were washed three times before incubating with IgG and proceeding as above.
Scanning electron microscopy (SEM). Fungal pellets were fixed in 3% (w/v) glutaraldehyde (at pH 7.4 in cacodylate buffer) and osmium tetroxide, dehydrated through acetone and critical-point dried. They were mounted on aluminium stubs, sputter-coated with gold and examined in a Jeol JSM25 scanning electron microscope .
RESULTS

Experimental procedure
Preliminary experiments were required in order to obtain optimal reaction conditions together with minimal background readings. An IgG fraction gave less non-specific attachment to the mycelial pellets than did whole serum; this may have been due to surface binding of IgM and IgA, which can sometimes interact with SpA (Harboe lk Folling, 1974) . A mild fixation step with paraformaldehyde after antibody binding, in order to prevent spontaneous dissociation of the antigen-antibody complexes (Biberfeld et al., 1974) , was omitted when it was found that the increase seen with aspergillus-positive sera was accompanied by a corresponding increase with negative sera. A proportion of [ L251]SpA bound directly to mycelial pellets (see Table 1 ) but it was preferred to labelled immunoglobulin which led to a twofold increase in non-specific attachment to surface structures (cf . Biberfeld et al., 1975 ). Other IgG values represent the mean of at least three experiments k SD. Results with human sera are given relative to the rabbit wall fraction.
Binding of wall IgG to surface receptors is expressed as 100%.
Initial experiments were done with SpA labelled with the Bolton & Hunter reagent. No detectable differences were apparent when the chloramine-T protocol for iodination was investigated (Hunter & Greenwood, 1962) , and parallel experiments with SpA labelled by the two procedures were analysed. Either a 90 min incubation with antibody at 25 "C or an overnight incubation at 4 "C proved satisfactory while periods > 30 min did not increase uptake of SPA. SpA was added in excess of antibody in order to quantify binding of the latter to cellular sites. The supplier's instructions were followed in this case. The amount of [ 251]SpA bound to the mycelial pellets was directly proportional to the amount of antibody taken up by the cellular surface (Fig. 1) . The uptake of specific IgG relative to the total IgG started to plateau at a concentration of 2 mg protein per 4 pellets.
A comparison was made of the ability of IgG from different sources to bind to receptor sites on the mycelial surface (Table 1) . Highest uptake was seen with the IgG fraction prepared from antiserum raised to crude wall material while an antiserum raised to cytoplasmic components showed binding only 10% above that given by negative control sera. Sera raised to antigenic fractions gave intermediate values, as did antiserum raised to a water-soluble mycelial preparation, and one raised to a mixture of mycelial and culture filtrate antigens. An antiserum raised to an alkali-soluble extract of A . fumigatus and considered to be directed mainly against galactomannan and (1 +3)-a-D-glucan moieties (by analogy with extracts prepared from A . nidufans and A . niger: Bull, 1970; Bardalaye & Nordin, 1977) was also in this category. Human sera showed variable binding capacities to surface structures, indicating qualitative differences in their IgG fractions.
Ejfects of lectins on IgG uptake
Blocking of receptor sites by pre-treatment of the mycelium with lectins with primary specificities for D-hexose and hexosamine residues was attempted. All lectins were ineffective at the concentrations tested. The extent to which ConA bound to non-antigenic sites on the mycelial surface was investigated by the use of [ 1251]ConA, following a 2 h incubation at room temperature (Fig. 2) .
Competitive binding experiments with antigenic fractions
A number of soluble antigens were examined for their ability to block the binding of specific IgG to cell-bound antigens. Two of the antigens used effected > 20% inhibition and one > 30% inhibition of cellular binding at a concentration of 50pg dry wt per incubation. Increased inhibition was not seen with higher concentrations of these antigens. The predominantly carbohydrate antigens had to be used at 100 pg (ammonium sulphate-soluble) and 200 pg (carbohydrate-rich) per incubation to achieve this degree of inhibition to the system (Fig. 3) . Pure polysacc harides, low molecular weight oligosaccharides and disaccharides, as specified in Methods, were without effect at 200 pg dry wt per incubation. Higher concentrations of sugars were not examined.
Effect of enzymes on surface interactions
An enzyme effect was considered significant if uptake of [ 251]SpA varied by > 20% of the control values. On that basis, pronase, papain, trypsin and chymotrypsin were without effect while with bacterial protease uptake of SPA was reduced to 77% of that of the control value. Of the polysaccharidases, only T. harzianurn culture filtrate, a-amylase, a-mannosidase and Cytophaga lytic enzyme L, at 1 % (w/v) had an effect (at 0.4%, w/v, results with the latter enzyme were not reproducible). A P-mannosidase was included as a negative control since P-linked mannose residues are unknown for Aspergillus (Azuma et al., 1971 ; Bardalaye & Nordin, 1977) . Other Aspergillus spp. were included at this stage for comparative purposes and quite considerable differences in enzyme action were detectable (Table 2 ). These differences were not apparent in direct binding experiments where an IgG fraction raised to A . fumigatus wall bound with equal facility to the surface of all species tested.
SEM studies No differences were apparent in thin sections when A . furnigatus pellets treated with Cytophaga lytic enzyme were compared with control samples. An effect was noted when the mycelium was examined by SEM. This effect was much more severe in the cases of A . terreus and A . niger treated under the same conditions (Fig. 4) .
DISCUSSION
The use of [ 251]SpA to quantify antibody-binding to A . furnigatus mycelium showed a clear distinction between non-immunized and hyperimmunized sera. Major differences in chemical composition between wall and cytoplasm were emphasized, this technique revealing few shared components. Human sera showed variable binding capacity but two of three pools tested had very strong reactivity.
When incubated with A . furnigatus soluble antigens ConA caused antigen precipitation and subsequent inhibition of antigen-antibody binding (Hearn & Mackenzie, 1979) . The fact that binding of ConA to the mycelial surface occurred without causing a reduction in antibody uptake indicated that the sites of greatest affinity for the lectin are not the antigenic sites. Other lectins used here are capable of binding only to residues at the non-reducing terminals of saccharide chains. If a large part of the galactose residues in A . furnigatus is in the furanose form, this would preclude its reacting with castor bean lectin.
The effect of enzymes on mycelial surfaces was analysed. It has been shown that walls contain autolysing enzymes but the concentration of sugars released in 2 h at 37 "C was low (Polacheck & Rosenberger, 1975) . Odds et al. (1974) found that, despite substantial release of sugars from the cell wall of HistopZasrna capsulaturn with a mixture of (1 -+ 3)-fl-D-glUCanaSe and chitinase, only a small and probably insignificant change in antigenic titre occurred, as measured by complement fixation tests. I have observed substantial changes in antibody uptake with relatively young cultures containing a low concentration of melanin, which can inhibit enzymic hydrolysis (Kuo & Alexander, 1967) . San-Blas (1982) suggests that (1 -+ 3)-a-~-glucan protects young, non-melanized hyphae, presumably because of its ability to hinder hydrolytic enzymes from reaching their substrate. I was unable to inhibit antigen-antibody binding with a (1 +3)-a- D-glucan preparation ; however, an antiserum raised to a presumptive galactomannan and (1 + 3)-a-D-glucan-containing extract showed appreciable binding to fungal pellets.
Studies on A . niger and A . nidulans have shown a cell wall composed of glucan (40-60%) and chitin (10-20%); the glucans are predominantly alkali-soluble (1 -+3)-or-linked residues and alkali-resistant (1 -+ 3)-/?-and (1 -+4)-a-linked polymers (Johnson, 1965 ; Bull, 1970 ; Zonneveld, 1971 ; Stagg & Feather, 1973) . Cell wall galactomannan from A . niger contains (1 +2)-or-and (1 -+6)-a-linked D-mannopyranosyl units with terminal galactofuranose units as non-reducing end-groups of D-galaCtOpyranOSyl side chains (Bardalaye & Nordin, 1977) . This galactomannan corresponds closely with that isolated from A . &migatus extracts by Azuma et al. (1971) , who also found a (1 +4)-cr-linked glucan with (1 -+6)-a-linked branch points. Enzymes with the ability to hydrolyse these linkages were tested for their effect on surface structures of A . fumigatus. A decrease in binding of IgG to the cell surface was caused by a-amylase, a-mannosidase and Cytophaga extract, which contains a mixture of relatively non-specific endoglucanases. On the other hand, P-amylase and exo-( 1 -+ 3)-P-glucanase7 which act on the non-reducing end-groups of polysaccharide chains, had no significant effect. It is difficult to evaluate the effect of T. harzianum culture filtrate, which constitutes a very complicated hydrolytic mixture (de Vries & Wessels, 1972) . However, it is of interest that extra sites are exposed, rather than destroyed, by this treatment.
Whether this alteration in IgG binding is due to a direct enzyme effect on antigenic sites or to a disorganization of the cell surface has not been established. In some cases, e.g. in the action of Cytuphaga extract on A. niger and A . terreus, it was apparent from SEM studies that the effects of hydrolysis were widespread and the total surface architecture was damaged. What is clear is that release of (1 +4)-a-, (1 + 3)-P-and (1 -+4)-P-linked glucose residues, in addition to (1 +2)-aand/or (1 -+3)-a-linked mannose units from the mycelial surface, affected IgG binding to antigen sites.
Of the enzymes tested, a-amylase had the most widespread effect on surface architecture as measured by reduced antibody binding to the aspergilli. P-Amylase effected changes in only two species, namely A . terreus and A . nidulans, the former being the only one not affected by aamylase. Aspergillus fIavus appeared singularly unaffected by most enzyme treatments ; however, (1 -+ 3)-P-glucanase caused increased binding and a-amylase caused decreased binding of IgG to surface structures. Despite the battery of enzymes present in the culture filtrate of T. harzianum, only A. terreus in addition to A . fumigatus was affected. While chitin is considered to constitute an underlying layer of hyphal wall material, chitinase was responsible for an increase in antibody binding in the case of A . terreus and a decrease in the case of A . niger. However, it cannot be ruled out that the low level of (1 -+ 3)-P-glucanase activity present in the commercial preparation made sites accessible for chitin hydrolysis.
The results obtained provide additional information on the nature of A . fumigatus surface structures. As purified and chemically defined moieties are isolated from Aspergillus they may be used to advantage in this system as possible inhibitors to antibody uptake and to produce monospecific antisera for binding assays. 
